Abstract In this study the Gamma nail was used for fixation after intertrochanteric osteotomy in osteoarthritis. In 31 patients varus, valgus and complex intertrochanteric osteotomies were stabilized. The patients were allowed full weight bearing 2 weeks postoperatively. After a mean follow-up of 25.6 (13-42) months 29 osteotomies were healed. Two patients were lost to follow-up. No femoral shaft fractures or thigh pain occurred.
Introduction
After intertrochanteric osteotomy with conventional extramedullary fixation devices the frequency of complications as implant loosening, breakage, non-union and loss of correction is 4-20% [4, 5, 14, 15, 17] .
Mechanically, an intramedullary proximal locking nail provides good stability, as the lever arm of the hip joint forces is decisively reduced [9] , especially as to the critical rotational loading around the longitudinal axis of the femur [18] . Thus, the objective of the current study is to report on the clinical results of intertrochanteric osteotomy using a Gamma nail.
Patients and methods
Thirty-one (18 female and 13 male) patients with a mean age of 44.7 (20-62) years were included in a prospective study. Between July 1993 and January 1997 all underwent intertrochanteric osteotomy for secondary osteoarthritis of the hip using a Gamma nail (Howmedica) for fixation. The mean follow-up was 25.8 months. The patients were examined 3 months and 1 year postoperatively, and thereafter at yearly intervals. Two patients were lost to follow-up. Patients with simultaneous acetabular osteotomy and adolescent patients were excluded from the study. The different types of osteotomies are shown in Table 1 .
For the operation the exact entrance to the proximal intramedullary canal was made according to the preoperative planning. The tendon of the vastus lateralis was only cut corresponding to the osteotomy, which was performed in a conventional manner. After removal of the osteotomy wedge, reduction was achieved by turning the leg holder in all three planes in simultaneous mild distraction. Thus, even complex osteotomies were performed with additional rotation and flexion or extension. Preliminary retention of the osteotomy was provided by clamps and compression induced by the traction table. Overreaming of at least 2 mm was done with flexible reamers. Finally, the Gamma nail was implanted with 0 (2 patients), 1 (25 patients) or 2 (4 patients) distal locking screws.
Postoperatively the patients started walking with about 15 kg weight bearing and crutches on the first postoperative day. After wound healing, 2 weeks postoperatively, they were allowed increased weight bearing. Prophylactic unfractionated heparin or low-molecular heparin was administered for at least 3 weeks postoperatively.
Results
In all a tight direct bone contact and a correct position of hardware were achieved, verified intraoperatively by radiographs (Fig. 1a,b) . Thus, sliding of the hip screw was minimized to 1 or 2 mm on the follow-up radiographs. If the hip screw was installed proximally to the osteotomy there was no sliding. In all patients the mean distance between the femoral head cartilage and the tip of the head screw was 19.8 (9-45) mm in AP radiographs and 18.1 (6-31) mm in lateral radiographs. These distances did not change at the time of follow-up. At the osteotomy site the mean bone contact area after correction was 75 (65-80)% compared with the area before correction and nailing. The difference between the preoperative planning and the postoperative radiographic results was limited. In 21 varus osteotomies (Table 1) 12 femurs were undercorrected by a mean of 2 (1-5)°and 9 were overcorrected by a mean of 3 (2-5)°. All valgus osteotomies were undercorrected by a mean of 2°. In 15 patients the prominence of the proximal tip of the nail in relation to the greater trochanter was a mean of 4 (1-10) mm and in 9 patients the tip penetrated with an average of 8 (1-15) mm into the bone. Irritation of the soft tissue by the prominent nail did not occur. Clinically and radiographically complete union of the osteotomy occurred in 29 patients at the last follow-up.
Complications were defined as major if they led to a second operation or influenced the patient's outcome. Major complications appeared in 5 patients and did not affect the final result. In 1 patient both distal locking screws were misplaced. Three patients had radiographically delayed union, which was successfully treated by distal dynamization of the nail (Fig. 2a,b) . One patient had non-union due to a technical fault.
In 6 patients minor complications were noted. Four ossifications around the tip of the nail insertion were seen radiologically, 1 non-displaced fracture of the Gamma nail through the proximal hole for the locking screw was found at the routine implant removal and 1 longitudinal fissure of the greater trochanter occurred during reaming. In the present study there was no patient with thigh pain, which has been reported on by Hardy et al. [8] , when proximal intramedullary locking devices were used in trauma.
Discussion
The concept of Gamma nail fixation for intertrochanteric osteotomy has been developed by the authors [1] and also reported by Kreusch-Brinker et al.
[10] and Moeller and Letsch [13] . The Gamma nail is not designed as a press-fit, self-locking intramedullary device that depends on exact matching of the proximal femur, as the anatomy of the femur varies markedly [7, 11, 19] . Therefore, overreaming of at least 2 mm is advised. If, additionally, the entrance of the nail at the greater trochanter was exactly planned pre-operatively, the Gamma nail could be inserted by hand into all femurs of the present study without changing the desired femoral alignment. As in KreuschBrinker's series [10] we succeeded in obtaining exact correction angles and reduction at the osteotomy according to preoperative planning with direct bone contact. Sliding of the hip screw was minimized to 1 or 2 mm on the follow-up radiographs. Thus, angular positioning of the osteotomy was maintained until bone healing occurred.
As in blade plate osteosynthesis three-dimensional correction with extensive flexion can also be difficult with the Gamma nail. If there is any doubt, the osteosynthesis should preoperatively be simulated by insertion of the nail into an osteotomized model made according to computed tomography scans.
When the Gamma nail began being used, some authors reported on femoral fractures [3, 16] . In our study with Gamma nail osteosynthesis for intertrochanteric osteotomy, no femoral shaft fracture occurred.
In the literature the rate of non-unions encountered in blade plate fixation of intertrochanteric osteotomy ranges from 4-20% [4, 5, 14, 15, 17] . In this study it was reduced to 4% (1 osteotomy). Among our patients the distal locking screws were removed in 4 nails because of prolonged radiographic bone bridging. In the comparable series [10] 2 patients underwent secondary dynamization.
In Gamma nail osteosynthesis the contact area of cancellous bone at the osteotomy site is reduced, because the implant passes through. A negative clinical effect on bone healing was not found. In the current series the mean bone contact area at the osteotomy site was 75 (65-80)% of the original area before correction and nailing. According to Rosborough and Stiles [17] the incidence of non-union increases sharply, when there are only 40% or less of bone contact area. The merely radiographic phenomenon of prolonged bridging at the osteotomy site, which led to dynamization in our and Kreusch-Brinker's series [10], could be explained by predominantly cortical bone remodeling, which is slower in comparison with cancellous bone healing.
In femoral nailing avascular necrosis of the femoral head has been described due to intraoperative damage of the medial circumflex artery [12] . In the present study the nail could always be inserted laterally to the piriformis fossa and no head necrosis was registered.
When carrying out intertrochanteric osteotomy the surgeon should bear in mind the possible need for a subsequent total hip arthroplasty. In a series of 305 conventionally fixed intertrochanteric osteotomies followed by total hip arthroplasty at the Mayo Clinic, Ferguson et al. [6] described technical problems in 23%. After the removal of the Gamma nail, however, a straight intramedullary cavity filled with fibrous tissue remains, which facilitates reaming and rasping for prosthesis insertion and prevents femoral perforation.
Gamma nail osteosynthesis in intertrochanteric osteotomy requires less dissection but certainly is a demanding technique depending on experience in intramedullary osteosynthesis.
